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Abstract
Florida has one of the two worst non-indigenous invasive species problems in the United States, and all such species are considered by
statute to be a potential ecological problem. Unfortunately, little information is available about most of Florida’s invasive species. Here, we
provide information on range expansion of a population of one of the lesser-known species. The Palm Beach County, Florida, population
of the northern curly-tailed lizard, Leiocephalus carinatus armouri, was examined for north–south expansion of its previously documented
range. Observations were conducted as contiguous expansion outward from the previously known range. We found a substantial contiguous
range expansion by a minimum of 46:3 km to the south and 34:1 km to the north. This species appears to be closely associated with
coastal habitat degradation in the form of human infrastructure, especially ageing pavement, sea walls, buildings, and bridge bases.
? 2004 Elsevier Ltd. All rights reserved.
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1. Introduction
Non-indigenous invasive species are a major concern
in Florida, the expectation that being that they will lead
to “biotic impoverishment” while threatening the “natural
functioning ability of Florida’s ecosystems” (Schmitz and
Brown, 1994). Florida and Hawaii are the states with the
most severe problems of invasive species (US Congress,
1993). Recognition of the problems in Florida has led to
implementation of strict laws against the introduction and
transport of non-indigenous species within the state (Florida
Statutes 372.265, Florida Administrative Code 39-4.005),
and to Florida being one of the signatories of a letter to the
Vice-President of US expressing concern over the prob-
lems wrought by non-indigenous invasive species (Schmitz
and Brown, 1994, Appendix A). Unfortunately, little bio-
logical and ecological information is available for most of
Florida’s non-indigenous invasive species (US Congress,
1993). Here, we provide data on expansion from the original
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population of one such species for which little information
exists, the northern curly-tailed lizard, Leiocephalus carina-
tus armouri.
This lizard is native to the islands of the Little Ba-
hama Bank, with other subspecies in the Great Bahama
Bank, Cayman Islands, and Cuba (Schwartz and Hender-
son, 1991). It was reported as an introduced species in
Palm Beach County, Florida, by Duellman and Schwartz
(1958). The introduction was reported to have been due
to 20 pairs being released near Pendleton and Clarke Av-
enues, Palm Beach County, during the 1940s (Weigl et al.,
1969). By 1959, its range had expanded to at least 20 city
blocks (King, 1960; Weigl et al., 1969). The 1959 range
boundaries were Royal Poinciana Way in the north, Clarke
Avenue in the south, the Atlantic Ocean in the east, and the
Intracoastal Waterway in the west (King, 1960). By 1968,
the lizard was abundant as far as 3:21 km further north
(Palm Beach Country Club) and 5:63 km further south
(South Ocean and Segrape Circles), that is a range exten-
sion of ca. 4:02 km2 (Weigl et al., 1969). The total 8:8 km
north–south expansion over 9 years represented an average
annual range expansion of 0:9 km per annum. Weigl et al.
(1969) believed that this species could further extend its
range 2:85 km north to the Palm Beach Inlet, and south to
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the Boynton Beach Inlet at the southern end of Palm Beach
Island, a distance of 12:2 km. However, Smith and Enge-
man (2003) recently reported this species as abundant since
1986 at an apartment complex at Woolbright Road and the
Intracoastal Waterway (ICW), an additional 3:4 km south
of the southern limits suggested by Weigl et al. (1969).
Furthermore, this species was recently reported to the north
associated with human infrastructure in Martin County
(Hauge and ButterIeld, 2000; Smith and Engeman, 2002;
Dean et al., 2004), which adjoins Palm Beach County in the
north. Widely disjunct, allopatric populations have also been
veriIed from the barrier island containing Cocoa Beach in
Brevard County (Krysko and King, 2002), Chokoloskee
Island, Collier County (McCoid, 2002) and Key Largo,
Monroe County (J. Duquesnel, Florida Department of En-
vironmental Protection, personal communication), with
all observations associated with human infrastructure.
Here, we report an investigation of the current north–
south range of the initial Palm Beach County population of
the northern curly-tailed lizard.
2. Methods
Surveys in the Palm Beach County area were conducted
to determine north–south range expansion: areas north and
south of the 1968 range, following the Atlantic coastline,
from 14 to 29 September, 2002, were surveyed. This survey
strategy followed the urban/suburban development along the
coast, which is often conducive to colonization by invasive
species (US Congress, 1993). Surveys were conducted in a
manner similar to those of Weigl et al. (1969) in the morn-
ing (08.00–10:00 h) and afternoon (13.00–18.00), on sunny
days when the lizards would be basking. A sports utility
vehicle was used as a portable blind, although on some oc-
casions the observers walked. Observations were made us-
ing 7× binoculars at major intersections with paved parking
areas containing suitable habitat, such as sites with cracks
or crevices and walls (Bartlett and Bartlett, 1999; Schwartz
and Henderson, 1991). Latitude and longitude of each site
and the numbers of adult and juvenile lizards observed were
recorded. No attempt was made to estimate or index popu-
lations, nor to survey westward.
3. Results
Northern curly-tailed lizards were recorded at 45 loca-
tions (Table 1). No lizards were observed during replicate
searches at the northernmost (Cove Road) and southern-
most (NE 24th Street) sites, possibly deIning the 2002
range boundaries of this population. The Indings illustrate
a contiguous range expansion of at least 46:3 km south,
and 34:1 km north, beyond the 1968 range (Weigl et al.,
1969). This represents a total north–south range expansion
of 80 km in 34 years, or an average of about 2:4 km per
annum. This rate of expansion is 2.7 times that for the nine
years from 1959 to 1968. Furthermore, the northernmost ob-
servation of this lizard is a Martin County range extension of
11:2 km beyond previous reports. Sightings typically were in
association with walls, sea walls and other manmade habitat
conversions containing structures with age-related gaps and
recesses suitable for shelter, escape and concealment. Both
adults and juveniles were observed at 60% of the sites where
the lizard was observed. Juveniles were observed alone at
27% of sites and adults alone at 13%. Thus, even a presence–
absence survey such as this indicated successful breeding at
a minimum of 87% of the sites where this lizard was ob-
served outwith the range described by Weigl et al. (1969).
4. Discussion
Problems caused by non-indigenous invasive species in
Florida are among the most severe in the United States,
with the state oMering good conditions for expansion of
the range of many species (US Congress, 1993). As with
many other tropical herpetofauna introduced into South
Florida, the Palm Beach County population of the northern
curly-tailed lizard has expanded its range within the penin-
sula (Wilson and Porras, 1983; ButterIeld et al., 1997;
Bartlett and Bartlett, 1999). Wilson and Porras (1983) re-
ported a strong correlation between population patchiness
of non-indigenous amphibian and reptiles and habitat dis-
turbance in Florida. Our survey Indings also suggest a very
strong preference of this lizard for disturbed habitats associ-
ated with anthropogenic structures, i.e. buildings, pavement,
parking lots, etc., especially with age-related structural frac-
tures or rubble cover). Likewise, other recent Indings of
this species also have been in and around habitats degraded
by human infrastructure, e.g. buildings (Hauge and Butter-
Ield, 2000), road intersections and parking lots (Krysko
and King, 2002; Smith and Engeman, 2002; Dean et al.,
2004), and recreational vehicle parks (McCoid, 2002).
This is probably related to the type habitat occupied by the
species in its native environments (Bartlett and Bartlett,
1999; Schwartz and Henderson, 1991). In other words, the
northern curly-tailed lizard population expansion has fol-
lowed the urban and suburban development along the south-
eastern coast of Florida, where disturbances caused by this
development are prime locations for colonization by many
non-indigenous invasive species (US Congress, 1993).
We have demonstrated a strong ability of this species to
expand its range. Because little ecological information is
available on the species, exact negative impacts by this ani-
mal on native species and ecosystems have not been deIned.
Wilson and Porras (1983) suggested that competition be-
tween introduced and indigenous herpetofauna probably was
not a major conservation concern. In contrast, ButterIeld
et al. (1997) discuss “shift in habitat usage” by competing
anole (Anolis) species in Florida and elsewhere. Bartlett
and Bartlett (1999) summarize successional changes among
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Table 1
North to south range of observations of original northern curly-tailed lizard population in Florida
Street location County Lat./long. coordinates Specimens observed
Cove Road at US Hwy. 1 Martin (27◦08′N; 80◦12′W) 0 adults/0 juveniles
Bridge Road at US Hwy. 1 Martin (27◦03′N; 80◦08′W) 1 adult/0 juveniles
(Sea Treasures) Gift Shop at US Hwy. 1 Martin (26◦58′N; 80◦05′W) 2 adults/1 juvenile
County Line Road at US Hwy. 1 Palm Beach (26◦58′N; 80◦05′W) 1 adult/1 juvenile
Beach Road at US Hwy. 1 Palm Beach (26◦57′N; 80◦05′W) 1 adult/1 juvenile
Ocean Boulevard at US Hwy. 1 Palm Beach (26◦56′N; 80◦05′W) 1 adult/1 juvenile
Indiantown Road at US Hwy. 1 Palm Beach (26◦56′N; 80◦04′W) 3 adults/5 juveniles
Ocean Way at US Hwy. 1 Palm Beach (26◦55′N; 80◦04′W) 0 adults/3 juveniles
Marcinski Road at US Hwy. 1 Palm Beach (26◦53′N; 80◦03′W) 1 adult/2 juveniles
Donald Ross Road at US Hwy. 1 Palm Beach (26◦52′N; 80◦03′W) 2 adults/2 juveniles
Juno Isles Blvd. at US Hwy. 1 Palm Beach (26◦51′N; 80◦03′W) 0 adults/2 juveniles
PGA Boulevard at US Hwy. 1 Palm Beach (26◦50′N; 80◦03W) 1 adult/1 juvenile
Yacht Club Drive at US Hwy. 1 Palm Beach (26◦49′N; 80◦03′W) 0 adults/6 juveniles
Lighthouse Drive at US Hwy. 1 Palm Beach (26◦49′N; 80◦03′W) 2 adults/1 juvenile
Northlake Blvd. at US Hwy. 1 Palm Beach (26◦48′N; 80◦03′W) 0 adults/2 juveniles
Silver Beach Road at US Hwy. 1 Palm Beach (26◦47′N; 80◦03′W) 0 adults/1 juvenile
Blue Heron Blvd. at US Hwy. 1 Palm Beach (26◦46′N; 80◦03′W) 0 adults/2 juveniles
Port Drive at US Hwy. 1 Palm Beach (26◦45′N; 80◦03′W) 1 adult/0 juveniles
45th Street at N Flagler Dr. Palm Beach (26◦45′N; 80◦03′W) 3 adults/0 juveniles
36th Street at N Flagler Dr. Palm Beach (26◦44′N; 80◦03′W) 1 adult/1 juvenile
23rd Street at N Flagler Dr. Palm Beach (26◦44′N; 80◦02′W) 2 adults/0 juveniles
Fern Drive at S Flagler Dr. Palm Beach (26◦42′N; 80◦03′W) 0 adults/1 juvenile
Belvedere Rd. at US Hwy. 1 Palm Beach (26◦41′N; 80◦03′W) 1 adult/3 juveniles
Southern Blvd. at US Hwy. 1 Palm Beach (26◦40′N; 80◦03′W) 1 adult/0 juveniles
Forest Hill Blvd. at US Hwy. 1 Palm Beach (26◦39′N; 80◦03′W) 2 adults/0 juveniles
Yale Drive at US Hwy. 1 Palm Beach (26◦38′N; 80◦03′W) 0 adults/2 juveniles
10th Avenue N at US Hwy. 1 Palm Beach (26◦37′N; 80◦03′W) 1 adult/1 juvenile
Lucerne Avenue at US Hwy. 1 Palm Beach (26◦37′N; 80◦03′W) 0 adults/3 juveniles
6th Avenue S at US Hwy. 1 Palm Beach (26◦36′N; 80◦03′W) 1 adult/4 juveniles
18th Avenue S at US Hwy. 1 Palm Beach (26◦35′N; 80◦03′W) 0 adults/1 juvenile
Lantana Road at US Hwy. 1 Palm Beach (26◦35′N; 80◦03′W) 1 adult/1 juvenile
Hypoluxo Road at US Hwy. 1 Palm Beach (26◦34′N; 80◦03′W) 3 adults/3 juveniles
Gateway Blvd. at US Hwy. 1 Palm Beach (26◦32′N; 80◦03′W) 2 adults/1 juvenile
Boynton Beach Blvd. at US Hwy. 1 Palm Beach (26◦31′N; 80◦03′W) 1 adult/2 juveniles
Woolbright Rd. at ICW Palm Beach (26◦30′N; 80◦03′W) 1 adult/2 juveniles
George Bush Blvd. at ICW Palm Beach (26◦28′N; 80◦03′W) 2 adults/3 juveniles
Atlantic Avenue at ICW Palm Beach (26◦27′N; 80◦04′W) 1 adult/3 juveniles
Linton Blvd. at ICW Palm Beach (26◦26′N; 80◦04′W) 4 adults/5 juveniles
C-15 Canal at US Hwy. 1 Palm Beach (26◦25′N; 80◦04′W) 1adult/3 juveniles
Spanish River Blvd. at ICW Palm Beach (26◦23′N; 80◦04′W) 0 adults/1 juvenile
Palmetto Park Road at ICW Palm Beach (26◦21′N; 80◦04′W) 1 adult/4 juveniles
Boca Beach Club at SR A-1-A Palm Beach (26◦20′N; 80◦04′W) 0 adults/3 juveniles
South Inlet Park at SR A-1-A Palm Beach (26◦20′N; 80◦04′W) 1 adult/2 juveniles
Hillsboro Blvd. at ICW Broward (26◦18′N; 80◦04′W) 4 adults/7 juveniles
SE 10th Street at US Hwy. 1 Broward (26◦18′N; 80◦05′W) 1 adult/1 juvenile
NE 29th Street at US Hwy. 1 Broward (26◦16′N; 80◦05′W) 2 adults/1 juvenile
NE 24th Street at US Hwy. 1 Broward (26◦15′N; 80◦05′W) 0 adults/0 juvenile
gecko populations in south Florida as new species have been
introduced. Most compelling evidence has been provided
by Schoener et al. (2002), who reported that experimental
introduction of the northern curly-tailed lizard had an im-
mediate and major eMect on the population density of the
brown anole, A. sagrei, its height of perch and other charac-
teristics. Even although the brown anole is another invasive
species in Florida (Bartlett and Bartlett, 1999; Schmitz
and Brown, 1994), the fact that the northern curly-tailed
lizard could adversely aMect them so rapidly leads to
the logical assumption that native fauna have been, or
will be, aMected by this species. A variety of native
lizards overlap its range and habitat (Bartlett and Bartlett,
1999), possibly putting them at risk of predation, competi-
tion and disease transmission. Recent studies have demon-
strated the negative impacts from invasive species to rare and
endangered native species on an economic basis (Engeman
et al., 2002, 2003). SuOcient data for the impacts of north-
ern curly-tailed lizards have not yet been generated to carry
out such an analysis. More to the point, all non-indigenous
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invasive species in Florida are considered undesirable and
potentially harmful, even if speciIc negative impacts have
not yet been identiIed (US Congress, 1993; Schmitz and
Brown, 1994).
Our Indings suggest that within the range of survey along
the Atlantic coastline of Florida, amidst a patchy mosaic of
urban, suburban and wildlands, most of the habitat that is
suitable for it is now occupied by this lizard. Considerable
additional surveying will be required to document the inland
(westward) range of this population. The precise eMects of
this species on the native lizards and other fauna of Florida
remain largely unexplored and should therefore also be ex-
amined. The negative eMects of invasive reptiles may not be
readily or immediately apparent. As a prime case in point,
the devastating eMects of the invasive brown tree snake on
Guam was not recognized for decades, and eMective reme-
dies to the problem have required further decades of research
(Engeman and Vice, 2002).
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